In vitro and in vivo assessment of an intravenous axial flow pump for right heart assist.
Right ventricular (RV) function is a limiting factor in maintaining systemic circulation with circulatory assist. There is, however, no easy way to institute RV assist, such as the intraarterial axial flow pump (Hemopump) used for left heart assist. In this study, the feasibility and hemodynamic effect of intravenous use of an axial flow pump was examined. A pump system was developed with an outflow cannula and an impeller that were newly designed for intravenous insertion with a Hemopump driving system. The pump system characteristics using goat blood at a hematocrit of 26% indicated that maximum flow at a pressure differential against 40 mmHg is 3.2 l/min at a pump speed of 28,000 rpm. The pump was tested in adult goats by intravenous insertion through a 14 mm, low porosity graft anastomosed to the infrarenal inferior vena cava. The pump was advanced until the tip of the cannula was positioned at the main pulmonary artery, using balloon catheter guidance under fluoroscopy. RV assistance was evaluated by pressure tracing, and aortic flow (AF) measured by electromagnetic flowmeter under 1) induced pulmonary stenosis (PS), and 2) electrically induced ventricular fibrillation (VF) in combination with left heart assist. Under PS, right atrial pressure decreased from 11 to 2 mmHg and AF increased from 1.0 to 4.1 l/min after initiation of the pump. Under VF, AF and aortic pressure were 2.6 l/min and 78 mmHg, respectively, with left ventricular assist. After initiation of the pump, they increased to 4.0 l/min and 98 mmHg, respectively. In chronic experiments using three adults goats for up to 48 hr, levels of plasma hemoglobin and platelet counts were maintained within an acceptable range. There was no prominent damage to the hearts. These data suggest that an axial flow pump introduced by an intravenous approach without thoracotomy is feasible and provides sufficient right heart assist.